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EP 0 662 758 B1 

Description 

Field of the Invention 

s [0001] The present invention relates to an improved satellite communication system for handling portable telephones, 
and particularly to the interaction between the satellite system and mobile phones which are in a standby mode. 

Background of the Invention 

10 [0002] When mobile phones are in a standby or idle mode, the idle mobile phones must listen to a signal radiated 
by the communication system in order to recognize if and when the mobile phone is being called. An attractive com- 
munication system from the user's viewpoint would be a dual mode satellite/cellular telephone that would listen to and 
connect calls with a land-based cellular system if the mobile phone is in range, or to a satellite system when the land- 
based cellular system is not in range. The principle advantage of such a dual system is that the number of subscribers 

is outside cellular coverage at any instant might only be a small fraction of the total number of subscribers, thus the 
number of subscribers needing to access the satellite system is reduced. This permits a satellite system of limited 
capacity to take on a much greater number of subscribers than its capacity would otherwise allow, perhaps 100 times 
the equivalent ratio in cellular systems. In addition, the number of subscribers actively listening to a calling channel, i. 
e., those in the idle mode, already exceeds the number actually involved in conversation by a factor of 20 to 200. As 

20 a result, the number of potential subscribers to a dual mode satellite/cellular system can be 2,000 to 20,000 times the 
satellite system's call capacity. 

[0003] It is clear that in such a dual mode communication system, the network should preferably know whether a 
particular mobile phone should be called via the land-based cellular system or via the satellite system. However, to 
call every subscriber via both systems would pose a very severe calling channel load in view of the potential 100 fold 

25 increase in subscribers as mentioned above. Therefore, it is desirable to restrict calling/paging of subscribers via the 
satellite system to only those mobile phones that are known or suspected to be presently listening to the satellite calling 
channel. In a cellular communication system or a satellite communication system, it is necessary to restrict paging/ 
calling areas to those areas in which a called mobile phone is thought to be located. Both cellular and satellite systems 
are more or less global and the paging capacity to call every mobile phone over the whole globe is hard to provide. 

30 [0004] The paging/calling areas in which a called mobile phone is thought to be located could be determined if the 
approximate position of the mobile phone was known. EP-A-0 501 706 (Pagemart) discloses a cellular paging system 
which uses time difference of arrival calculations to determine an approximate position of the mobile phone. However, 
such time difference of arrival calculations as disclosed in Pagemart are exceedingly complex resulting in the need for 
a great degree of processing power, and requiring precise calibration to achieve. Another solution to the problem is by 

35 means of mobile phone registration. 

[0005] Registration means that a mobile telephone informs the network what calling channel it is presently listening 
to. The network then knows which of a number of limited paging areas the mobile telephone is most likely to be in, and 
calls to that mobile telephone can be broadcast to that paging area. This process can involve transmitting calls to a 
mobile telephone via several base station transmitters at different sites in the same paging area. This increases the 

40 paging load per transmitter, but reduces the network load for handling re re gist rations, as a mobile telephone need no 
longer transmit a re registration message every time it finds a stronger transmitter to listen to. In this example, the 
mobile telephone only needs to reregister when it detects that the transmission it switched to monitoring belongs to a 
different paging area than the previous one. 

[0006] The above description of paging areas and ^registration criteria is well known in the art. It is, for example, 

45 used in the Pan European GSM cellular system. 

[0007] To achieve an economically useful capacity to serve a large number of subscribers, satellite communication 
systems need to allow reuse of the available spectrum many times over the globe. This is achieved by the use of 
multiple spot beam antennas that divide the illumination of the chosen service area between many smaller regions. 
Ideally the available spectrum may be reused in each of the smaller regions by use of the invention described in U.S. 

so Patent Application No. 08/1 79,953, entitled "A Cellular/Satellite Communication System With Improved Frequency Re- 
use", filed January 11, 1994, which is incorporated herein by reference. 

[0008] The most promising satellite systems for such applications are those which are in a near earth orbit and 
stationary orbit. The disadvantage of satellites in stationary orbits is that huge antennas are needed to create the same 
size spot beams from the 40,000 km distance and the extra delay in signals traversing that distance creates a problem 
55 for two-way conversations. However, the disadvantage of satellites in near earth orbits is that the satellites move and 
thus the areas that the spot beams illuminate change as the satellites circle the earth. Even if steps are taken to steer 
the spot beams to more or less the same regions, the satellite will eventually pass over the horizon and will have to 
be replaced by a rising satellite. When this occurs, it must be avoided that the entire population of mobile telephones 
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listening in the idle mode to a paging channel of the satellite which is about to pass over the horizon attempt to reregister 
simultaneously the fact that they are now listening to a new paging channel of the new satellite. As mentioned above, 
the number of mobile telephones in the idle mode is much greater than the satellite system's capacity to handle traffic. 
Therefore, the problem of bulk registration is difficult to handle, 

s 

Summary of the Disclosure 

[0009] To solve the reregistration problems mentioned above, it is desirable to define paging areas in absolute earth 
related coordinates instead of satellite spot beam related coordinates. The satellite system knows what areas its various 

10 satellites and spot beams cover. Therefore, the system should be able to determine what beam to use to page a given 
mobile telephone if the approximate absolute position of the mobile telephone is also known. A typical diameter of a 
spot beam may be from 100 to 1000 km, so it suffices for a mobile telephone to determine and register its approximate 
position. According to one embodiment of the present invention, a simple method is provided for a mobile telephone 
to determine its absolute position within an accuracy sufficient to inform the network of which paging area it is located in. 

is [0010] According to one embodiment of the present invention, a method for determining the position of a mobile 
radio telephone in a satellite communication system is disclosed. First, a mobile radio telephone scans a plurality of 
paging channels and measures the signal strength of the paging channels. The mobile radio telephone then selects 
the paging channel with the strongest signal strength and decodes the information broadcasted on the selected channel. 
The information contained in the paging channel can include frequencies or timeslots of paging channels in surrounding 

20 spot beams. The mobile station then measures the signal strength of paging channels in surrounding spot beams and 
quantizes the measurements to determine a coarse position of the mobile radio telephone. 

[0011 ] According to another embodiment of the present invention, a method for reregistering a mobile radio telephone 
in a satellite communication system is disclosed. First, a mobile radio telephone measures the signal strength of a 
plurality of paging channels and calculates an absolute position of the mobile radio telephone using the measured 
25 signal strengths. The mobile station then determines if the absolute position of the mobile station has changed by a 
predetermined amount and reregisters with the system when the absolute position has changed by said predetermined 
amount. 

Brief Description ot the Drawings 

30 

[0012] These and other features and advantages of the present invention will be readily apparent to one of ordinary 
skill in the art from the following written description, used in conjunction with the drawings, in which: 

Figure 1 illustrates a satellite communication system according to one embodiment of the present invention; 
35 Figure 2 is a flow chart of a method for determining the position of a mobile radio telephone according to one 

embodiment of the present invention; 

Figure 3 is a flow chart of a method for reregistering a mobile radio telephone in a satellite communication system 
according to another embodiment of the present invention; 
Figure 4 is a flow chart illustrating another embodiment of the present invention; 
40 Figure 5 is a flow chart illustrating another embodiment of the present invention; 

Figure 6 is a diagram of the disposition of interstitial beams in a 3-color/3-channel example; and 

Figure 7 is a flow diagram of call information in the network according to one embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 

45 

[0013] Figure 1 illustrates a plurality of mobile radio telephones 120 in communication via satellite 110 with a hub 
station 100. The hub station is connected, for example via a local exchange, to the public switched telephone network 
PSTN to allow calls to be placed between the portable phones and any telephone subscriber worldwide, as well as 
between the satellite phones. The satellite 110 receives signals from the mobile radio telephones at a relatively low 

50 microwave frequency, such as 1 ,600 MHz. At this frequency, the transmitters in battery operated phones can be efficient 
and their antennas can also be small and omnidirectional. The satellite translates the received signal from 1 ,600 MHz 
to a higher frequency for relaying to the hub station. The reason for using a higher frequency is principally because 
the bandwidth needed on the satellite-to-hub link is at least n times the bandwidth allocated at 1,600 MHz for each 
beam, where n is the number of beams. For example, if a 6 MHz of bandwidth is reused in each of 37 beams at 1 ,600 

55 MHz, then at least 37 x 6 = 222 MHz of bandwidth will be needed on the satellite-to-hub link. Since the preferred method 
of maintaining coherent beam signal transport requires at least double this minimum bandwidth, and the reverse di- 
rection requires the same amount, one GHz of bandwidth is needed which suggests that a carrier frequency around 
20 GHz is appropriate for the satellite-to-hub forward and reverse links. At this frequency, even relatively small hub 
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station dishes will have very narrow bandwidths so that exclusive use of this bandwidth by any one system is not 
necessary, and the entire bandwidth can be reallocated to other satellites and ground stations without interference as 
long as the straight line from a first ground station to a first satellite does not intersect with a second satellite. This is 
precluded by allocating unique "stations" to satellites in geo-stationary orbit or in the case of lower orbiting satellite 
s that move, the probability of intersection is low and can be handled by having an alternative hub location which is 
activated when such an event occurs. 

[0014] According to one embodiment of the present invention, which is illustrated in Figure 2, the mobile telephone 
scans a number of frequency channels or timeslots on which paging broadcasts are likely to be found in step 200. The 
mobile telephone then determines the paging channel with the highest signal strength in step 202. The mobile telephone 

w decodes the paging channel broadcasts on the selected channel in step 204 and the mobile telephone obtains infor- 
mation on the frequencies or timeslots of paging channels in surrounding spot beams, as well as information on the 
current absolute coordinates of the center of the beam of the decoded paging channel. The mobile telephone then 
attempts to measure the signal strength of the paging channels in neighboring beams in step 206. The measurements 
can be coarsely quantized in step 208 to indicate, for example, whether the mobile telephone is able to decode neigh- 

is boring paging channels at all, and if so, for what percentage of the time or with what bit error rate. As a result, a much 
greater degree of coding on paging channels can be used to help decode messages which are for a mobile telephone 
which is located well off of the beam center. 

[0015] The reason for preferring paging channels for the measurement of signal strength is that those channels are 
known to be permanently active. It is equally possible to make signal strength measurements on channels carrying 

20 telephone traffic, but these are likely to use so-called Discontinuous Transmission (DTX) the purpose of which is to 
save transmitter power when one direction of the duplex telephone conversation is temporarily silent Thus traffic 
channels that are actually in use may temporarily contain no signal, whereas paging channels are those which perma- 
nently contain signal. It may still be possible to determine signal strength using traffic channels if it can be determined 
whether or not they contain a valid signal, such as by ability to decode the signal correctly. This works so long as the 

25 signal strength is high but not when the signal strength is low. 

[0016] Paging channels may consist of dedicated frequencies (as in an FDMA system) or dedicated timeslots (as in 
a TDM A system) or spread-spectrum transmissions using dedicated codes (as in a CDMA system) or indeed any hybrid 
of these. Whichever access method is employed, the term "paging channel' is intended to embrace any unique com- 
binations of frequency, timeslots or codes used to broadcast paging information as opposed to traffic. 

30 [0017] U.S. Patent Application entitled "A Cellular/Satellite Communication System With Improved Frequency Re- 
use", filed January 11, 1994, which is commonly assigned and incorporated herein by reference, describes how such 
channels can advantageously be radiated in slightly different directions so that each point on the earth is near the 
beam center of one channel. The aim is to provide the system with a number of channels to choose from that are more 
nearly centrally directed towards any particular mobile phone, thus avoiding the beam-edge loss that would occur for 

35 certain mobile locations if the beam pointing was not so staggered. To illustrate this, consider a greatly simplified case 
of a conventional system and a system according to above cited U .S. Patent Application, in which three communications 
channels are available. For this illustration, FDMA can be assumed so that the three channels are in fact three different 
frequencies, which we will denote by black, red and green. 

[0018] In a conventional system not employing the inventive method of the aforementioned U.S. patent application, 

40 a number of antenna beams, for example 37, would be provided as determined by the fixed physical characteristics 
of a satellite antenna system, and used to illuminate the earth in so-called spot coverage regions. According to con- 
ventional wisdom, the gain at the worst point, which lies midway between three spots, is maximized by choosing the 
beam width such that the gain is approximately 4dB down at the midway point relative to the peak, beam-center gain. 
This is according to conventional theory believed to be the optimum compromise between on the one hand reducing 

45 the peak gain by broadening the beam so as to reduce the edge loss, and on the other hand narrowing the beam to 
increase the peak gain but then suffering a greater beam edge loss the same distance off-center as before, 
[001 9] Having achieved this compromise, the conventional system would then have to decide whether all of the three 
frequency channels could be used in every one of the 37 touching beams, with the consequence that a mobile at the 
midway point between three beams would receive equal overlapping signals on each frequency from all three beams, 

50 i.e., two, equal-strength interferes on top of each wanted signal, or whether in order to avoid this interference problem 
the frequencies should be distributed between beams in a 3-cell frequency re-use pattern. In the latter case a mobile 
at the midway point between three beams would receive all three frequencies at equal strength from the three different 
surrounding beams, but one frequency only from each beam, with somewhat reduced interference from sidelobes of 
beams further away. A mobile at the mid point between two cells would receive equal signal strength on two frequencies 

55 and somewhat reduced signal strength from two equal signals on the third frequency. A mobile at the center of a cell 
of course receives principally the frequency of that cell with somewhat reduced signal strength on the other two fre- 
quencies from the six surrounding cells. Thus it is possible for a mobile station to obtain a rough idea of its position 
based on the relative signal strength on the three frequencies. We can further assume for the purposes of this illustration 



4 



EP 0 662 758 B1 



10 



is 



20 



25 



30 



35 



AO 



AS 



50 



55 



that the three frequencies in question are ail paging channels, and that we have other sets of three to distribute in the 
same three-cell re- use pattern for passing telephone traffic. A mobile needs only to know its position to a sufficient 
accuracy to determine which beam or group of beams should broadcast a call to it. Informing the system through the 
satellite of this is the purpose of the registration procedure. In this illustrative conventional system, a mobile could 
quantize its position to: 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



Receiving principally RED beam no. k (k=1 to 12) 
Receiving principally BLACK beam k (k=1 to 1 3) 
Receiving principally GREEN beam k (k=1 to 12) 
Receiving RED(i) and BLACK(j) more or less equally 
Receiving RED(i) and GREENQ) more or less equally 
Receiving GREEN(i) and BLACK(j) more or less equally 
Receiving RED(i), BLACK(j) and GREEN(k) more or less equally 



[0020] The above categories define six times as many sub-regions as there are beams, so it may be approximately 
said that a mobile can quantify its position to 1/6th of the area of one spot beam. 

[0021] The mobile can use, as a criterion for which of the above categories it belongs to, whether the paging infor- 
mation broadcast in a beam is decodable with no errors or not. Paging messages and broadcast information are trans- 
mitted continuously on the paging channel and protected with both error correction and error detection coding. The 
error correction coding is preferably a convoiutional code while the error detection is preferably a Cyclic Redundancy 
Check code (CRC). If the CRC of a decoded message checks on >50% of messages, the mobile can quantize that to 
"receiving a beam". If the CRC checks on <50% of messages, the mobile can quantize that to "not receiving the beam". 
Thus if "RECEIVING" is decided only for the GREEN beam and "NOT RECEIVING" is the quantized decision for the 
other colors, the mobile belongs to the category three. By reading the information in the green beam on it instantaneous 
center coordinates, the mobile takes those coordinates as its quantized (coarse) position. If however, "RECEIVING" 
is the quantized decision for all three color beams, the mobile is in category 7, and by reading the beam-center coor- 
dinates from the broadcast information, the mobile can calculate its position as midway between the three beams. 
[0022] Clearly, finer degrees of quantizing can be used, such as receiving one color with 95% correct CRC, another 
with 45% correct CRC and the third with 1 5% correct CRC. In addition, correct decoding is not the only clue to position, 
but also signal strength. Relative signal strength could for example be quantized as follows: 



RED beam no. k dominant (meaning others >6dB down) 

BLACK beam k dominant (meaning others >6dB down) 

GREEN beam k dominant (meaning others >6dB down) 

RED and BLACK equal (meaning <6dB delta, but GREEN >6dB down) 

GREEN and BLACK equal (meaning <6dB delta, but RED >6dB down) 

GREEN and RED equal (meaning <6dB delta, but BLACK >6dB down) 

ALL equal (meaning all within 6dB) 



[0023] Also in the case of signal strength, it is not necessary to quantize to coarsely. Having determined how many 
beams can be decoded correctly at all, their relative signals strength can be used in a weighted averaging of their 
beam center coordinates, using stored or broadcast beam shape information if desired, in order to obtain a finer estimate 
of mobile position. As a further degree of sophistication, the estimates may be subjected to Kalman filtering that esti- 
mates both mobile position and velocity, with practical limits on the velocity. Especially in the case where the satellite 
beams move across the earth due to uncompensated satellite motion, the position estimates over a period of tens of 
minutes would be based on estimates falling in several different ones of the above categories, averaged by the Kalman 
filtering process. 

[0024] Once such a position estimate is available, the mobile can determine if it has moved by a sufficient amount 
since last registration to warrant triggering re -registration. Re-registration is however triggered by an absolute mobile 
position change, and not by movement of the beams across the earth due to uncompensated satellite movement. 
[0025] The above description of a conventional FDMA, 3-cell frequency re-use system may also be extended to the 
case where the three channels in question are three different timeslots in a TDMA system. In this case, the paging 
channel burst cycles periodically between three neighboring beams, and the mobile can, by receiving a whole cycle, 
determine from the amplitude changes whether it is principally in one beam (deep amplitude troughs in 2 of the three 
slots and strong signal in one), or midway between three beams (little or no amplitude modulation) and so on. 
[0026] The description is now extended to the inventive beam configuration referenced in the aforementioned asso- 
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ciated disclosure. In this inventive system, a beam direction is not necessarily restricted to those directions associated 
with particular physical antenna structures, but may take on a continuum of directions by use of electronic beam inter- 
polation. For example, a mobile lying midway between three beams does not have to suffer a 4dB loss of signal which- 
ever one it uses for communications, but by virtue of the satellite transmitting 1/3rd of the intended energy for that 
5 mobile coherently in all three cells, may receive a virtual or interstitial beam centered on that mobile. To optimize the 
minimum gain at all points such interstitial beams may be directed, a different optimization of beamwidths applies than 
the conventional one, and considerably higher minimum gains may be achieved with broadly the same antenna aper- 
ture. 

[0027] Figure 6 illustrates the formation of interstitial red and green beams between a set of black beams that can 

10 be thought of as corresponding to the conventional beams. The large circles represent the conventional beam crossover 
diameters. In the conventional approach, beams are used for communication right out to their edge. The smaller circles 
show how much of the beam diameter needs to be used for communication in the inventive approach. The solid shaded 
areas of the black beams highlight this, indicating that mobiles using black beams only do so out to about 1/root(3) of 
the black beam diameter before a better option would be to switch to a red or green interstitial beam. In practice, many 

is more communications channels than three are provided, and producing staggered interstitial beams for each means 
that each beam need only be used out to 1/root(n) of the conventional beam radius, where N is the number of channels. 
[0028] Supposing an FDMA set of 256 frequencies are each associated with a set of virtual beams, the beam centers 
can in principle be disposed on a 16 x 16 grid of points within areas equivalent to the conventional spot beam coverage 
areas. The mobile station can, by making a measurement of signal strength on all 256 frequencies, construct a 16 x 

20 16 2D plot of measurements from which its most likely position will be evident. The correct mathematical method of 
determining the most likely position is to fit a curve of known shape equal to the beam pattern to the measurements 
by finding the optimum North-South and East-West displacement of the curve that best fits the 16 x 16 measurements. 
[0029] In a TDMA system of 256 time slots on a single carrier frequency, the beam centers can be programmed to 
move systematically through the 1 6 x 1 6 grid from timeslot to times-lot, and then repeat. It is easier in the TDMA case 

2S for the mobile to collect the 1 6 x 1 6 measurements, as it need only swell on the same frequency for one TDMA frame 
to collect signal strength measurements on all timeslots, which are then processed by the two-dimensional curve fitting 
procedure mentioned above to determine a mobile position estimate. These estimates may then be further averaged 
by the aforementioned Kalman filter technique. 

[0030] A supplementary device that the mobile telephone can employ to determine if paging channels are received 

30 weakly, even underneath co-channel interference, from traffic channels or paging channels in the current beam using 
the same frequency, is the sub-tractive demodulation process disclosed in co-assigned U.S. Patent No. 5,151 ,91 9, 
which is incorporated herein by reference. The technique disclosed therein involves decoding the strongest of a number 
of overlapping signals and subtracting the decoded signal out of the received signal and then decoding the next strong- 
est signal. As a result, the weak signals from the paging channels can be decoded with better accuracy by decoding 

35 and subtracting out the stronger interfering signals. 

[0031] In addition, the mobile telephone can also make signal strength measurements on traffic channels that it can 
decode. Different channels may be simply different TDMA time slots on the same frequency and not necessarily different 
frequencies. In some satellite communication systems, the energy from the satellite can be redirected on a time slot 
by time slot basis to respective mobile telephones and conversations, so that the spot beam can be considered to be 

40 swinging around within a limited region in a manner known to the system. Therefore, reporting when, i.e., in which time 
slot, the mobile telephone gets greater or lesser signal strength, can provide strong clues as to its present location. 
[0032] A mobile having just been switched on may have moved position since it last registered in the satellite system. 
To ensure that the mobile can be reached, it must be determined whether the mobile has moved, and if so, re-register 
with a new position. Consequently, the mobile scans the satellite signals to find paging or active traffic channels on 

45 which it can make signal measurements. This is shown in step 300 of the flow chart illustrated in figure 3. The mobile 
then measures the signal strength of the detected paging channels in step 301 . If the mobile does not have a current 
registration with the satellite, the mobile is in any case going to register and thus does not need to determine if its 
position has changed before accessing the satellite. In this case, the mobile can proceed to step 304 in which the 
mobile attempts to access the satellite. The satellite responds by granting the mobile access in step 305, which can if 

so desired involve temporarily allocating a traffic channel to the satellite for a more prolonged exchange. It would be 
preferable therefore if the mobile had determined and conveyed its position estimate to the satellite already in access 
request step 304, but alternatives are also disclosed here; for example, the satellite system can determine in which 
one of all its virtual beams it received the mobile random access signals the strongest, and estimate the mobile position 
in the same way as the mobile estimates its position from the satellite signal measurements. Thus, the satellite can 

55 unaided if necessary estimate which traffic channel and beam combination would suit the mobile best. One reason for 
a more prolonged interchange can be that the satellite system wishes to perform an authentication of the mobile station 
so that a pirate mobile is not able to corrupt the registration information stored in a genuine mobile. 
[0033] If however the mobile is not sure that it needs to re-register because a previous registration seems to be still 
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current, the system does not want to generate an unnecessary re-registration load. Therefore, the mobile should de- 
termine its own position before attempting to transmit to the satellite in step 302. This step requires that information 
on current beam center positions broadcast on the paging channels be read by the mobile station and used in position 
estimation along with signal measurements. The mobile station then proceeds to step 303, where the new position 
estimate is compared with the position estimate associated with the last registration. If the mobile has moved more 
than a threshold amount, for example, by more than -1dB beam radius, then the mobile proceeds to step 304 to re- 
register. On the other hand, if the mobile has not moved by more than the threshold amount, the mobile proceeds to 
step 308 where it enters a power shut down mode to save power and starts a timer. When the timer generates a wake- 
up alarm, which is arranged to coincide almost exactly with instants on the selected paging channel when the mobile 
can be paged (i.e. its time slot), the mobile rescans the paging channels, making signal measurements which the 
mobile uses to update its position estimate, and the cycle then repeats. 

[0034] If the mobile has determined that it needs to re-register in step 303 and proceeds to step 304, the mobile can 
suitably convey any position estimate or measurements which it has made to the satellite already in the access request, 
if room in the data format exists for both this and the mobile's ID of at least 34 bits. The mobile could optionally, if room 
in the format exists, send a position estimate if available, or signal measurements if not. It may be possible for meas- 
urements to exist without the mobile being able to make a position estimate due to it being unable to read any information 
on the paging channel regarding beam center positions. This might for example be temporarily unavailable due to 
system malfunction such as a faulty link between the satellite tracking system and the paging transmitter. 
[0035] If it is possible to provide the satellite position or signal information already in step 304 or during a prolonged 
interchange in step 306, or subsequent communications, the satellite system has the option of combining these with 
its own measurements of the mobile signal to obtain a refined position. This refined position can optionally be returned 
to the mobile in step 307 while acknowledging the re-registration. The mobile station would in that case remember the 
refined position for comparison with.future estimates in step 303. The satellite system also stores the mobile position 
in its memory against the mobile's ID and may also convey that position in coded form to the mobile station's cellular 
Home Location Register. 

[0036] In the context of a dual mode satellite/cellular communication system, a more frequent and troublesome rereg- 
istration problem can arise. Consider when a mobile telephone listens to a paging or calling channel in a satellite system 
rather than a cellular calling channel in a land-based cellular system, for instance upon loss of the cellular signal. The 
loss of cellular signals can be quite a frequent occurrence in mobile telephones mounted in automobiles traveling down 
a highway. On a busy highway, between two major cities, for example, a gap in cellular coverage may exist at a particular 
place, and every mobile with a satellite/cellular phone might attempt to reregister with the satellite system as it enters 
the zone not covered by the cellular system. This is not normally a problem for cellular systems, as when no coverage 
exists, the mobile telephone does not attempt to reregister. Furthermore, the size of cells in cellular systems is perhaps 
100 times less in area than satellite cells, so the above described systematic ^registration load can be easily handled. 
However, such a mass re registration may cause problems for a satellite system. It is therefore another object of the 
present invention to avoid undue satellite re registration due to the regular passage of vehicles through a hole in cellular 
coverage. 

[0037] According to one embodiment of the present invention, as illustrated in Figure 4, mobile telephones that are 
locked to the cellular communication system monitor a preferred calling channel in step 400 but also have a list of 
neighboring calling channels which can be used as alternatives in the event of loss of signal. A paging area comprises 
a number of base stations that a calling message for a mobile will be simultaneously transmitted from. It is desirable 
to transmit a calling message on a group of surrounding base stations to avoid the mobile having to continually re- 
register as it wanders along the boundary between two base stations. The network would simply know that the mobile 
was listening to one of the two base stations, or others, and transmit a page on all of the base stations. Such a group 
of stations transmits a "paging area ID", so that a mobile can detect when it switches to listening to a base station in 
a group with a different paging area ID; only in this event would re-registration be called for. 
[0038] Normally, a base station broadcasts a list of surrounding stations' calling channel frequencies which can be 
received by the mobile in step 402. If the mobile detects at step 404 that the currently monitored base station signal 
quality falls below a predetermined threshold, the mobile scans the list of alternative calling channel frequencies in 
step 406 and switches to one of the alternative channels in step 408 if it has a signal quality above the threshold. In 
certain systems, for example TDM A systems, the mobile may have spare time between monitoring the current base 
station in certain timeslots in which it can effectively continuously scan the alternative list without waiting for the signal 
quality of the current station to degrade. 

[0039] If the mobile switches to monitoring a different base station, the mobile station need not re-register unless 
the paging group ID is no longer the same. The new base station will however broadcast another list of calling channel 
frequencies of the base stations surrounding it, which the mobile now scans. Eventually, the mobile may switch to a 
station not in the original paging group thus necessitating a re-registration procedure. 

[0040] In the prior art, each mobile gets the same list of surrounding base stations from its currently monitored base 
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station, and paging areas are thus defined by the system to be the same for each mobile, in U.S. Patent Application 
No. 07/882,607, a method for providing each mobile with a customized paging area is disclosed. 
The technique is to download a list of alternative calling channels at re-registration specifically for that mobile. The 
network remembers these and knows that a particular mobile station shall be paged on all of these channels. Thus, 

s the paging area for a mobile can be re-centered around the actual position of each mobile upon re-registration, delaying 
the time when re-registration may again become necessary. 0 n the other hand, if no alternative calling channel meets 
the signal quality criteria in step 408, the mobile can, before moving too far from the current base station, report that 
it is entering a "black hole* by effecting a deregistration with the cellular system in step 410. The cellular system then 
informs the satellite system of the last known position of the mobile within the cellular system in step 412, which is a 

10 sufficiently accurate position for the satellite system to be able to determine the appropriate paging beam tor the mobile 
station. Th e mobile telephone then switches from the cellular mode to a satellite mode in step 41 4. The mobile telephone 
then determines the strongest satellite calling channel in step 416 and then monitors the selected paging channel in 
step 41 8. The mobile telephone then estimates its absolute position from signal strength measurements without needing 
to register with the satellite system, thus avoiding registration load on the satellite. 

is [0041] The mobile estimates its absolute position from the satellite signal upon deregistration from the cellular system 
so that if, subsequently in its journey it detects that its position has changed by more than the threshold in step 306 
without having again found a cellular signal, it can at that time effect a re-registration directly with the satellite system. 
It is fairly sure that this would not represent an unnecessary re-registration, given that it must have been out of cellular 
contact for at least several hours and several hundred kilometers. 

20 [0042] An alternative to the step 41 2 in which the cellular system informs the satellite system of the last known mobile 
position within the cellular system may be understood by recalling that a caller for a dual mode satellite/cellular mobile 
is not necessarily routed to the satellite system in the first instance, but to the mobile phone's "Home Location Register" 
which resides in a mobile switching center belonging to the cellular operator with which the phone has a subscription. 
In the alternative step 41 3, either the satellite system or the cellular system can inform the Home Location Register or 

25 a Visitor Location Register of the last known position of the mobile phone. According to the previous description of how 
a mobile phone is reached when locked to the satellite system instead of the cellular system, the mobile's current 
location and call routing information shall be lodged in the HLR in terms of a VLR ID. The VLR or Visitor Location 
Register is provided in foreign cellular switching centers to hold information on non-native mobiles that are temporarily 
registered in their areas. The entire PSTN cannot however know where each mobile is currently registered, only where 

30 a mobile's native switch is, i.e., the route to a mobile's HLR. 

[0043] The route to the VLR on which a mobile is currently registered is thus first retrieved by a PSTN caller from 
the HLR. 

[0044] Fig. 7 illustrates an example of the flow of call information in such a system. When a call is placed to a mobile, 
the PSTN contacts the mobile's HLR to determine the last position (the VLR ID or a virtual VLR ID). When the call is 

35 routed to the cellular system, the call is routed to the VLR using the VLR ID stored in the HLR. The VLR then requests 
authentication and crypto information from the HLR. The VLR then sends out the call and authenticates the mobile. 
However, when the call is routed to the satellite system, the virtual VLR ID is sent to the satellite ground station which 
requests security information from the HLR. After the satellite ground system has received the security information, 
the mobile is paged in a satellite beam covering the absolute location associated with the VLR ID. 

40 [0045] It suffices therefore that the cellular system, upon de-registration of a mobile, lodges an appropriate virtual 
VLR ID associated with an absolute position known to the satellite system. This however requires that cellular switching 
systems be reprogrammed to lodge a default virtual VLR ID in the HLR whenever the mobile deregisters from that 
cellular region. The detault VLR ID has to be provided by the satellite system utilizing this invention and is the VLR ID 
associated with the absolute satellite paging area in which the VLR is located. Other alternatives exist, all of which are 

^5 considered to be within the spirit and scope of this invention. For example, the VLR from which the mobile has just 
deregistered can merely inform the HLR that the mobile is no longer registered with it. The HLR responsible for offering 
dual-mode satellite/cellular subscriptions then has the onus of determining what satellite virtual VLR ID to replace the 
last visited VLR ID with by default. This can in turn involve the HLR contacting the satellite system to receive this 
information. The goal of such alternatives is to eliminate the need to reprogram all cellular systems to accommodate 

50 dual-mode satellite/cellular phones, and to limit any reprogramming requirements only to systems offering dual-mode 
subscriptions, or even limiting such programming to elements of the satellite system. 

[0046] Yet another alternative deemed to be within the spirit and scope of the present invention is that the VLR upon 
a mobile deregistering does not inform the HLR of the change. Only when the PSTN next attempts to call the mobile 
will the HLR receive notification from the VLR that the mobile is no longer registered. The HLR then by default contacts 
55 a satellite switching center and informs it of the last VLR ID with which the mobile registered. The satellite system can 
have a stored map relating VLR IDs to its own absolute paging areas, and route the call to the paging area in which 
the mobile most likely will be found. Upon the mobile initiating a call, the problem is resolved in that the satellite system 
is now positively informed of the mobile's position and it can be properly registered in the satellite system and the 
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appropriate virtual VLR ID lodged with the HLR. 

[0047] Since the cellular system is presumed to have adequate capacity for registration, even tor mobile telephones 
emerging regularly f rorn a systematic "black hole", the satellite to cellular re registration issue is not a capacity issue, 
so much as a power consumption issue for hand held mobile telephones. It is not desirable when using battery power 

5 to listen to the satellite system and also simultaneously listen to the cellular system. According to another embodiment 
of the present invention, deregistration of the mobile in the satellite system is avoided by instead reregistering the 
mobile in the cellular system when the mobile detects that it is possible to register with the cellular system. A method 
for detecting when it is possible to register with the cellular system is described below. In this case, the cellular system 
can notify the satellite system by a deregistration signal via land lines, for example, that the mobile telephone no longer 

io needs to be paged by the satellite system. This is of course unnecessary when all calls to a mobile from the PSTN will 
in any case first be referred to the HLR to obtain current location information. It suffices then to overwrite the virtual 
VLR ID of the satellite system with the address of the physical cellular VLR with which the mobile has just re-registered. 
[0048] In the GSM system, a subscriber with a particular service providing company has a corresponding data record 
on one of that company's cellular telephone exchanges or switches. The record is called the home location register or 

*5 HLR and it contains an entry for the last known position of the mobile telephone in the communication system. For 
example, if a mobile telephone is taken to another GSM country and switched on, it will determine which calling channel 
has the strongest signal strength and then send a registration request to the foreign system. The request will indicate 
the home country HLR and the foreign system will contact the HLR by international circuits in order to obtain data 
authenticating the identify of the mobile telephone. Upon successful authentication, the mobile is registered on the 

20 foreign system in a visiting location register (VLR) and the location of the mobile station will be sent to be stored at the 
HLR. Thereafter, the telephone system will refer any calls by any caller in the world first to the HLR automatically to 
obtain the current VLR location, and then to the VLR. 

[0049] In accordance with the present invention, when a dual mode mobile telephone sends a deregistration message 
to the cellular system, the cellular system contacts the HLR to change the data of the current location from the VLR to 

25 the satellite system. In addition, the absolute location is lodged in the HLR so that the satellite system can obtain it or 
optionally so that the HLR can forward the location to the satellite system. The reverse process takes place when the 
mobile phone reregisters from the satellite to a cellular system. To avoid the need to change the software of all VLRs 
to perform satellite related location and registration functions, as an alternative, the VLR performs its normal functions. 
The HLR on which the phone is registered as having satellite capability then has the task of determining the equivalent 

30 satellite system coordinates by looking up in a table the information pertaining to the VLR from which a registration or 
deregistration of one of its mobiles was received. The HLR can then if necessary inform the satellite system of approx- 
imate mobile position. 

[0050] Still, power consumption for portable mobile telephones is a problem when the cellular and satellite modes 
operate at the same time. This can arise when a mobile telephone is locked to the satellite in the absence of cellular 

35 signals, as there must be a method for detecting when a cellular calling channel again becomes receivable. Normally, 
it does not take much battery power to listen to a cellular calling channel, as special features have or will be implemented 
in future cellular systems to reduce the standby power of mobile telephones. Sleep mode groups is the primary can- 
didate technique used, in which a mobile is assigned to a subgroup of mobiles according, for example, to the last digit 
of the telephone number or the sum of the digits of its telephone number, and calls to that group are transmitted only 

40 in certain time slots that the mobile can anticipate and wake up to receive. Thus, the mobile station can spend at least 
90% of the time powered down. The mobile can however, only enter the sleep mode when locked to a calling channel 
and having identified its sleep mode group. 

[0051] According to the present invention, the satellite calling channel also implements sleep mode groups which 
allows a mobile phone to activate its satellite calling channel mode for only a fraction of the time. In principle, the mobile 

4S can wake up for a second fraction of the time, say one millisecond every 20 milliseconds in order to scan one of the 
1,000 cellular channels. The channel containing significant energy would then be identified in 20 seconds, which may 
be an adequate response time for transferring from satellite mode back to the cellular mode. However, both power 
consumption and response time can be improved by having the satellite calling channels broadcast a list of cellular 
calling channels that exist within the area currently illuminated by the calling channel beam. As is illustrated in Figure 

50 5, each satellite paging channel broadcasts a list of cellular calling channel frequencies in step 500. A mobile telephone 
then receives the list of calling channel frequencies in step 502 and attempts to measure the signal strengths of the 
cellular calling channels in step 504. Mobiles in the cellular black holes that are listening to the satellite calling channel 
temporarily can then limit the list of possible calling channel frequencies from 1,000 to perhaps 21, on the basis that 
calling channels can reuse the same frequencies in a 21 cell reuse pattern. As a result, it is only necessary to inform 

55 the mobile of what frequencies have been chosen in a given area. 

[0052] By using the sleep mode, the mobile telephones only then need to activate their cellular receivers for perhaps 
21 to 63 milliseconds out of every 20 seconds to check for the presence of any receivable calling channels. The active 
time wilt in fact be determined by the speed at which the cellular synthesizer can change frequency, and is probably 
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minimized by waking up the cellular receiver once every 20 seconds and scanning all potential calling channels as fast 
as the cellular synthesizer can change frequency and then going back to sleep. 

[0053] The mobile telephone then determines whether the signal strength of one of the calling channels is above a 
predetermined threshold in step 506. The mobile telephone then registers with the cellular communication system in 
step 508 if one of the cellular calling channels has a signal strength above the predetermined threshold. 
[0054] The presently disclosed embodiments are therefore considered in all respects to be illustrative and not re- 
strictive. The scope of the invention is indicated by the appended claims rather than the foregoing description and all 
changes which come within the meaning and range of equivalents thereof are intended to be embraced therein. 



Claims 

1. A method for determining the position of a mobile radio telephone (120) in a satellite communication system by 
scanning a plurality of paging channels at said mobile radio telephone (200), measuring signal strength of said 
paging channels and selecting a paging channel with the strongest signal strength (202), being characterised by: 

decoding information broadcasted on said paging channel with the strongest signal strength, wherein said 

information contains frequencies of paging channels in surrounding spot beams (204); 

measuring signal strength of paging channels in said surrounding spot beams (206); and 

quantizing said measurements to determine an approximate position of said mobile radio telephone (208). 

2. A method for determining the position of a mobile radio telephone in a satellite communication system according 
to claim 1 , further being characterised by: 

paging said mobile radiotelephone using paging channels in a first spot beam which covers said approximate 
position. 

3. A method for determining the position of a mobile radio telephone in a satellite communication system according 
to claim 2, wherein said system pages said mobile radio telephone on paging channels of spot beams that surround 
said first spot beam. 

4. A method for determining the position of a mobile radio telephone in a satellite communication system according 
to claim 1 , wherein said mobile radio telephone measures signal strength of traffic channels. 

5. A method for determining the position of a mobile radio telephone in a satellite communication system according 
to claim 1, wherein the signal strength of the paging channels is measured using subtractive demodulation. 

6. A method for determining the position of a mobile radio telephone in a satellite communication system according 
to claim 1 , further being characterised by: 

determining in which time slots the measured signal strength increases and decreases at the mobile radio 
telephone; and 

calculating an approximate position of the mobile radio telephone based on which time slots the measured 
signal strength increases and decreases. 

7. A method for registering a mobile radio telephone (1 20) in a satellite communication system by scanning a plurality 
of satellite paging channels at said mobile radio telephone and measuring signal strength of said satellite paging 
channels (301), being characterised by: 

calculating an approximate absolute position of said mobile radio telephone by quantizing the measured signal 
strengths (302); and 

accessing the satellite communication system by the mobile radio telephone and requesting a registration 
(304); and 

receiving an acknowledgment of said registration from said satellite system (305). 

8. A method for registering a mobile radio telephone in a satellite communication system according to claim 7, further 
being characterised by: 

transmitting said approximate absolute position to said mobile radio telephone. 
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9. A method for registering a mobile radio telephone in a satellite communication system according to claim 7, further 
being characterised by: 

sending said measured signal strength to said satellite communication system in response to said acknowl- 
edgment. 

10. A method for registering a mobile radiotelephone in a satellite communication system according to claim 7, wherein 
said mobile radio telephone enters a timed sleep mode after receiving said acknowledgment. 

11. A method for registering a mobile radiotelephone in a satellite communication system according to claim 7, wherein 
said mobile radio telephone enters a timed sleep mode when said approximate absolute position has not changed 
by a predetermined amount. 

12. A method for reregistering a mobile radio telephone (120) in a satellite communication system by measuring the 
signal strength of a plurality of paging channels at said mobile radio telephone (301), being characterised by: 

calculating an absolute position of said mobile radio telephone by quantizing said measured signal strengths 
(302); 

determining when said absolute position has changed by a predetermined amount (303); and 
reregistering with said system when said absolute position has changed by said predetermined amount (304). 

1 3. A method for registering a mobile radio telephone (1 20) in a satellite communication system which is part of a dual 
mode satellite/cellular communication system by monitoring a preferred calling channel in the cellular communi- 
cation system by the mobile radio telephone (401), being characterised by: 

25 scanning an alternative list of calling channels when the mobile radio telephone determines that the quality of 

the preferred calling channel has fallen below a predetermined threshold (406); 

determining whether any of the calling channels on the alternative list has a signal quality above the prede- 
termined threshold (408); 

transmitting a deregisf ration signal to the cellular communication system when none of the calling channels 
30 has a signal quality above the predetermined threshold (410); 

transmitting a last known position within the cellular system of the mobile radio telephone to the satellite com- 
munication system after receiving the deregistration signal (41 3), wherein the last known position is based on 
quantized signal strength measurements of paging channels; and 

switching the mobile radio telephone from a cellular mode to a satellite mode after sending said deregistration 
35 signal (414). 

14. A method for registering a mobile radio telephone according to claim 13, wherein said alternative list of calling 
channels is continually broadcast by said cellular communication system. 

40 15. a method for registering a mobile radio telephone according to claim 13, wherein said alternative list of calling 
channels is sent to the mobile radio telephone at registration. 

16. A method for registering a mobile radio telephone according to claim 13, further being characterised by; 

45 scanning a plurality of cellular paging channels at said mobile radio telephone; 

measuring signal strength of said paging channels; 
selecting a paging channel with the strongest signal strength; 

decoding information broadcast on said paging channel wherein said information contains frequencies of pag- 
ing channels in surrounding spot beams; 
50 measuring signal strength of paging channels in said surrounding spot beams; and 

quantizing said measurements to determine an approximate position of said mobile radio telephone. 

1 7. A method for registering mobile radio telephones according to claim 1 3, further being characterised by: 

55 detecting at the mobile radio telephone that a calling channel from the cellular communication system has a 

signal quality above said predetermined threshold; 
reregistering with the cellular communication system; and 

transmitting a second deregistration signal to said satellite communication signal from said cellular communi- 
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cation system to deregister the mobile radio telephone. 

18. A method for registering a mobile telephone according to claim 17, wherein said second deregistration signal is 
transmitted to said satellite communication system by land lines. 

19. A method tor registering a mobile radio telephone according to claim 13, wherein after the cellular communication 
system receives the deregistration signal from said mobile radio telephone, the cellular system lists the location 
of the mobile radio telephone in a Home Location Register as the satellite communication system. 

20. A method for registering a mobile radio telephone according to claim 17, wherein after the mobile radio telephone 
reregisters with the cellular communication system, the cellular system lists the location of the mobile radio tele- 
phone in a Home Location Register. 

21. A method for registering a mobile radio telephone according to claim 13, wherein said satellite system informs a 
Home Location Register of the last known position of said mobile radio telephone. 

22. A method for registering a mobile radio telephone according to claim 13, wherein said cellular system informs a 
Home Location Register of the last known position of said mobile radio telephone. 

23. A method for registering a mobile radio telephone according to claim 22, wherein said cellular system determines 
a Visitor Location Register Identification from said last known position of said mobile radio telephone and then 
sends the Visitor Location Register Identification to the Home Location Register. 

24. A method for registering a mobile radio telephone according to claim 23, wherein said cellular system determines 
a satellite virtual Visitor Location Register Identification from said Visitor Location Register Identification. 

25. A method for assisting mobile radio telephones listening to a satellite communication system to find a cellular 
calling channel, in a dual mode satellite/cellular communication system, being characterised by: 

broadcasting a list of cellular calling channel frequencies for a given area on each satellite paging channel 
(500), wherein the given area is based on an approximate position of the mobile radio telephone determined 
by quantizing the satellite paging channels; 

receiving said list of cellular calling channel frequencies at a mobile radio telephone (502); 
measuring the signal strength of the cellular calling channels (504); 

determining whether the signal strength of one of the cellular calling channels is above a predetermined thresh- 
old at the mobile radio telephone (506); and 

registering with the cellular communication system when the mobile radio telephone determines that one of 
the cellular calling channels is above a predetermined threshold (508). 

26. A method according to claim 25, wherein the mobile radio telephone measures the signal strength of the cellular 
calling channels once every predetermined time period. 

27. A method according to claim 25, further being characterised by: 

transmitting a deregistration signal to said satellite communication signal from said cellular communication 
signal to deregister the mobile radio telephone. 

28. A method according to claim 27, wherein said deregistration signal is transmitted to said satellite communication 
system by land lines. 



PatentansprQche 

1. Verfahren zur Bestimmung der Position eines mobilen Funktelefons (120) in einem Satellitenkommunikationssy- 
stem, durch Abtasten einer Vielzahl von Paging-Kanalen an dem mobilen Funktelefon (200), messen der Signal- 
starke der Paging-Kanale und wahlen eines Paging-Kanals mit der starksten Signalstarke (202), gekennzeichnet 
durch: 

dekodieren von Information, die ausgestrahlt wird auf dem Paging-Kanal mit der starksten Signalstarke, wobei 
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die Information Frequenzen von Paging-Kanalen in umgebenden BOndelstrahlen enthalt (204); 
messen der Signalstarke von Paging-Kanalen in den umgebenden BOndelstrahlen (206); und 
quantisieren der Messungen, urn eine ungefahre Position des mobilen Funktelefons zu bestimmen (208). 

2. Verfahren zur Bestimmung der Position eines mobilen Funktelefons in einem Satellitenkommunikationssystem 
nach Anspruch 1 , ferner gekennzeichnet durch: 

pagen des mobilen Funktelefons unter Verwendung von Paging-Kanalen in einem ersten Bundelstrahl, der die 
ungefahre Position abdeckt. 

3. Verfahren zur Bestimmung der Position eines mobiien Funktelefons in einem Satellitenkommunikationssystem 
nach Anspruch 2, wobei das System das mobile Funktelefon auf Paging-Kanalen von BOndelstrahlen paged, wel- 
che den ersten Bundelstrahl umgeben. 

4. Verfahren zur Bestimmung der Position eines mobilen Funktelefons in einem Satellitenkommunikationssystem 
nach Anspruch 1 , wobei das mobile Funktelefon die Signalstarke von Verkehrskanalen misst. 

5. Verfahren zur Bestimmung der Position eines mobilen Funktelefons in einem Satellitenkommunikationssystem 
nach Anspruch 1 , wobei die Signalstarke der Paging-Kanale unter Verwendung von subtraktive Demodulation 
gemessen wird. 

6. Verfahren zur Bestimmung der Position eines mobilen Funktelefons in einem Satellitenkommunikationssystem 
nach Anspruch 1 , ferner gekennzeichnet durch; 

bestimmen in welchen Zeitschlitzen die gemessene Signalstarke zunimmt und abnimmt am mobilen Funkte- 
lefon; und 

berechnen einer ungefahren Position des mobilen Funktelefons, darauf beruhend in welchen Zeitschlitzen die 
gemessene Signalstarke zunimmt und abnimmt. 

7. Verfahren zur Registrierung eines mobilen Funktelefons (120) in einem Satellitenkommunikationssystem durch 
abtasten einer Vielzahl von Satelliten-Paging-Kanalen an dem mobilen Funktelefon und messen der Signalstarke 
der Satelliten-Paging-Kanale (301), gekennzeichnet durch: 

berechnen einer ungefahren Absolutposition des mobilen Funktelefons durch quantisieren der gemessenen 
Signalstarken (302); und 

zugreifen auf das Satellitenkommunikationssystem durch das mobile Funktelefon und anfordern einer Regi- 
strierung (304); und 

empfangen einer Bestatigung der Registrierung aus dem Satellitensystem (305). 

8. Verfahren zur Registrierung eines mobilen Funktelefons in einem Satellitenkommunikationssystem nach Anspruch 
7, ferner gekennzeichnet durch: 

ubertragen der ungefahren Absolutposition an das mobile Funktelefon. 

9. Verfahren zur Registrierung eines mobilen Funktelefons in einem Satellitenkommunikationssystem nach Anspruch 
7, ferner gekennzeichnet durch: 

senden der gemessenen Signalstarke an das Satellitenkommunikationssystem ansprechend auf die Bestatigung. 

10. Verfahren zur Registrierung eines mobilen Funktelefons in einem Satellitenkommunikationssystem nach Anspruch 
7, wobei das mobile Funktelefon in einen zeitlichen Schtafmodus eintritt nach dem Empfang der Bestatigung. 

1 1 . Verfahren zur Registrierung eines mobilen Funktelefons in einem Satellitenkommunikationssystem nach Anspruch 
7, wobei das mobile Funktelefon in einen zeitlichen Schlafmodus eintritt, wenn die ungefahre Absolutposition sich 
nicht urn einen vorbestimmten Betrag geandert hat. 
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12. Verfahren zur Wiederregistrierung sines mobilan Funkteiefons (120) in einem Satellitenkommunikationssystem, 
durch messen der Signalstarke einer Vielzahl von Paging-Kanalen an dam mobilen Funktelefon (301), gekenn- 
zeichnet durch: 

berechnen einer Absolutposition des mobilen Funkteiefons durch quantisieren dergemessenen Signalstarken 
(302); 

bestimmen wann sich die Absolutposition um einen vorbestimmten Betrag geandert hat (303); und 
wiederregistrieren im System, wenn sich die Absolutposition um den vorbestimmten Betrag geandert hat (304). 

13. Verfahren zur Registrierung eines mobilen Funkteiefons (120) in einem Satellitenkommunikationssystem, welches 
einTeil ist eines Dualmodus-Satelliten/Zellularkommunikationssystems ist, durch Oberwachung eines bevorzugten 
Rufkanals in dem zeilularen Kommunikationssystem durch das mobile Funktelefon (401), gekennzeichnet durch: 

abtasten einer alternativen Liste von Rufkanalen, wenn das mobile Funktelefon bestimmt, dass die Qualitat 
des bevorzugten Rufkanals unter eine vorbestimmte Schwelle gefallen ist (406); 

bestimmen ob irgendwelche Rufkanale in der alternativen Liste eine Signalqualitat oberhalb der vorbestimm- 
ten Schwelle haben (408); 

Obertragen eines AbmeldesignaJs an das zellulare Kommunikationssystem, wenn keiner der Rufkanale eine 
Signalqualitat oberhalb der vorbestimmten Schwelle hat (410); 

Obertragen einer letzten bekannten Position innerhalb des zeilularen Systems des mobilen Funkteiefons an 
das Satellitenkommunikationssystem, nach dem Empfang des Abmeldesignals (413), wobei die letzte be- 
kannte Position auf quantisierten Signalstarkemessungen von Paging-Kanalen beruht; und 

schalten des mobilen Funkteiefons aus einem Zellularmodus in einen Satellitenmodus nach dem Senden des 
Abmeldesignals (414). 

14. Verfahren zur Registrierung eines mobilen Funkteiefons nach Anspruch 13, wobei die alternative Liste von Ruf- 
kanalen dauernd ausgestrahlt wird von dem zeilularen Kommunikationssystem. 

15. Verfahren zur Registrierung eines mobilen Funkteiefons nach Anspruch 13, wobei die alternative Liste von Ruf- 
kanalen dem mobilen Funktelefon bei der Registrierung geschickt wird. 

16. Verfahren zur Registrierung eines mobilen Funkteiefons nach Anspruch 13, ferner gekennzeichnet durch: 

abtasten einer Vielzahl von zeilularen Paging-Kanalen am mobilen Funktelefon; 

messen der Signalstarke der Paging-Kanale; 

wahlen eines Paging-Kanals mit der starksten Signal starke; 

dekodieren von Information, die ausgestrahlt wird auf dem Paging-Kanal, wobei die Information Frequenzen 
von Paging-Kanalen in umgebenden Bundelstrahlen enthalt; 

messen der Signalstarke von Paging-Kanalen in den umgebenden Bundelstrahlen; und 
quantisieren der Messungen, um eine ungefahre Position des mobilen Funkteiefons zu bestimmen. 

17. Verfahren zur Registrierung von mobilen Funktelefonen nach Anspruch 13, ferner gekennzeichnet durch: 

erfassen an dem mobilen Funktelefon, dass ein Rufkanal aus dem zeilularen Kommunikationssystem eine 
Signalqualitat oberhalb der vorbestimmten Schwelle hat; 

registrieren bei dem zeilularen Kommunikationssystem; und 
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Qbertragen eines zweiten Abmeldesignals an das Satellitenkommunikationssignal aus dem zellutaren Kom- 
munikationssystem, um das mobile Funktelefon abzumelden. 

1 8. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 1 7, wobei das zweite Abmeldesignal durch 
5 Landleitungen an das Satellitenkommunikationssystem Qbertragen wird. 

19. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 13, wobei nachdem das zellulare Kom- 
munikationssystem das Abmeidesignai vom mobiien Funktelefon empfangt, das zellulare System den Ort des 
mobiien Funktelefons in einem Heimatortsregister als das Satellitenkommunikationssystem vermerkt. 

10 

20. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 17, wobei nachdem das mobile Funkte- 
lefon sich wieder beim zellularen Kommunikationssystem registriert, das zellulare System den Ort des mobiien 
Funktelefons in einem Heimatortsregister vermerkt. 

'5 21. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 13, wobei das Sateliitensystem ein Hei- 
matortsregister Ober die letzte bekannte Position des mobiien Funktelefons informiert. 

22. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 13, wobei das zellulare System ein Hei- 
matortsregister Ober die letzte bekannte Position des mobiien Funktelefons informiert. 

20 

23. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 22, wobei das zellulare System eine Be- 
sucherortsregister-ldentifikation aus der letzten bekannten Position des mobiien Funktelefons bestimmt, und dann 
die Besucherortsregister-ldentifikation an das Heimatortsregister sendet. 

25 24. Verfahren zur Registrierung eines mobiien Funktelefons nach Anspruch 23, wobei das zellulare System eine vir- 
tuelle Satelliten-Besucherortsregister-ldentifikation aus der Besucherortsregister-ldentifikation bestimmt. 

25. Verfahren zur Unterstutzung eines mobiien Funktelefons, das ein Satellitenkommunikationssystem abhort, bei 
dem Finden eines zellularen Rufkanals, in einem Dualmodus-Satelliten/Zellularkommunikationssystem, gekenn- 

30 zeichnet durch: 

ausstrahlen einer Liste von zellularen Rufkanalfrequenzen fOr ein gegebenes Gebiet auf jedem Satelliten- 
Paging-Kanal (500), wobei das gegebene Gebiet auf einer ungefahren Position des mobiien Funktelefons 
beruht, die bestimmt wird durch Quantisieren der Satelliten-Paging-Kanale; 

35 

empfangen der Liste von zellularen Rufkanalfrequenzen im mobiien Funktelefon (502); 

messen der Signalstarke der zellularen Rufkanale (504); 

40 bestimmen ob die Signalstarke einer der zellularen Rufkanale oberhalb einer vorbestimmten Schwelle ist, am 

mobiien Funktelefon (506); und 

registrieren beim zellularen Kommunikationssystem, wenn das mobile Funktelefon bestimmt, dass einer der 
zellularen Rufkanale oberhalb einer vorbestimmten Schwelle ist (508). 

45 

26. Verfahren nach Anspruch 25, wobei das mobile Funktelefon die Signal starke der zellularen Rufkanale ein mal 
nach jeder vorbestimmten Zeitperiode misst. 

27. Verfahren nach Anspruch 25, ferner gekennzeichnet durch: 

so Qbertragen eines Abmeldesignals an das Satellitenkommunikationssignal aus dem zellularen Kommunikationssi- 

gnal, um das mobile Funktelefon abzumelden. 

28. Verfahren nach Anspruch 27, wobei das Abmeldesignal Ober Landleitungen an das Satellitenkommunikationssy- 
stem Qbertragen wird. 

55 
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Revendlcations 

1 . Proc6d6 pour determiner la position d'un radiotelephone mobile dans un systems de communication par satellite, 
comprenant les etapes suivantes : 

5 

on balaie une plurality de canaux de recherche au radiotelephone mobile; 

on mesure le niveau de signal des canaux de recherche; 

on s6lectionne un canal de recherche ayant le niveau de signal le plus elev£; 

on decode une information diffused sur ce canal de recherche, cette information contenant des frequences 
10 de canaux de recherche dans des faisceaux etroits environnants; 

on mesure le niveau de signal de canaux de recherche dans les faisceaux etroits environnants; et 
on quantifie ces mesures pour determiner une position approximative du radiotelephone mobile. 

2. Proc6de pour determiner la position d'un radiotelephone mobile dans un systems de communication par satellite 
is selon la revendication 1 , comprenant en outre I'etape suivante : 

on recherche le radiotelephone mobile en utilisant des canaux de recherche dans un premier faisceau etroit 
qui couvre lad it e position approximative. 

3. Procede pour determiner la position d'un radiotelephone mobile dans un systeme de communication par satellite 
20 selon la revendication 2, dans lequel le systeme recherche le radiotelephone mobile sur des canaux de recherche 

de faisceaux etroit s qui entourent le premier faisceau etroit. 

4. Procede pour determiner la position d'un radiotelephone mobile dans un systeme de communication par satellite 
selon la revendication 1 , dans lequel le radiotelephone mobile mesure le niveau de signal de canaux de trafic. 

25 

5. Procede pour determiner la position d'un radiotelephone mobile dans un systeme de communication par satellite 
selon la revendication 1 , dans lequel le niveau de signal des canaux de recherche est mesure en utilisant une 
demodulation soustractive. 

30 6. Proc6de pour determiner ia position d'un radiotelephone mobile dans un systeme de communication par satellite 
selon la revendication 1 , comprenant en outre les etapes suivantes : 

on determine dans quels creneaux temporels le niveau de signal mesure augments et diminue au radiotele- 
phone mobile; et 

35 on calcule une position approximative du radiotelephone mobile sur la base des cr6neaux temporels dans 

lesquels le niveau de signal mesure augmente et diminue. 

7. Procede pour enregistrer un radiotelephone mobile dans un systeme de communication par satellite, comprenant 
les etapes suivantes : 

40 

on balaie une plurality de canaux de recherche de satellite au radiotelephone mobile; 
on mesure le niveau de signal des canaux de recherche de satellite; 

on calcule une position absolue approximative du radiotelephone mobile en utilisant les niveaux de signal 
mesures; 

45 on accede au systems de communication par satellite par le radiotelephone mobile et on demande un enre- 

gistrement; et 

on recoit du systeme de communication par satellite un accuse de reception de Tenregistrement. 

8. Procede pour enregistrer un radiotelephone mobile dans un systeme de communication par satellite selon la re- 
so vendication 7, comprenant en outre I'etape suivante : 

on emet la position absolue approximative vers le radiotelephone mobile. 

9. Proc6d6 pour enregistrer un radiotelephone mobile dans un systems de communication par satellite selon la re- 
vendication 7, comprenant en outre I'etape suivante : 

55 on emet le niveau de signal mesure vers le systems ds communication par satellite en reponse a. I'accus6 

de reception. 

10. Proc6d6 pour enregistrer un radiotelephone mobile dans un systems ds communication par satellite selon la re- 
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vendication 7, dans lequel le radiotelephone mobile entre dans un mode de sommeil de dur6e definie apres re- 
ception de l'acc use" de reception. 

11. Proc6d6 pour enregistrer un radiotelephone mobile dans un systems de communication par satellite selon la re- 
vendication 7, dans lequel le radiotelephone mobile entre dans un mode de sommeil de durde definie lorsque la 
position absolue approximative n'a pas change d'une valeur pr6d6termin£e. 

1 2. Proced6 pour reenregistrer un radiotelephone mobile dans un systeme de communication par satellite, comprenant 
les etapes suivantes : 

on mesure le niveau de signal d'une plurality de canaux de recherche au radiotelephone mobile; 
on calcule une position absolue du radiotelephone mobile en utilisant les niveaux de signal mesures; 
on determine le moment auquel la position absolue a change d'une valeur pred6termin6e; et 
on effectue un reenregistrement aupres du systeme lorsque la position absolue a change de la valeur prede- 
terminee. 

13. Proc6d6 pour reenregistrer un radiotelephone mobile dans un systeme de communication par satellite qui fait 
partie d'un systeme de communication a deux modes, de type satellite/cellulaire, comprenant les etapes suivantes : 

on contrdle par le radiotelephone mobile un canal d'appel pret 6r6 dans le systeme de communication cellulaire; 
on balaie une liste alternative de canaux d'appel lorsque le radiotelephone mobile determine que la qualite 
du canal d'appel pr6f6r6 est tombee au-dessous d'un seuil predetermine; 

on determine si I'un quelconque des canaux d'appel sur la liste alternative a une qualite de signal sup6rieure 
au seuil predetermine; 

on emet un signal de suppression d'enregistrement vers le systems de communication cellulaire lorsque aucun 
des canaux d'appel n'a une qualite de signal superieure au seuil predetermine; 

on 6met vers le systems de communication par satellite une derniere position connue du radiotelephone mobile 
dans le systems cellulaire, apres la reception du signal de suppression d'enregistrement; et 
on commute le radiotelephone mobile d'un mode cellulaire vers un mode de satellite apr6s remission du signal 
de suppression d'enregistrement. 

1 4. Procede pour enregistrer un radiotelephone mobile selon la revendication 1 3, dans lequel la liste de canaux d'appel 
alternatifs est continuellement diffusee par le systems de communication cellulaire. 

1 5. Precede pour enregistrer un radiotelephone mobile selon la revendication 1 3, dans lequel la liste de canaux d'appel 
alternatifs est emise vers le radiotelephone mobile au moment de I'enregistrement. 

16. Procede pour enregistrer un radiotelephone mobile selon la revendication 13, comprenant en outre les etapes 
suivantes : 

on balaie une plurality de canaux de recherche cellulaires au radiotelephone mobile; 

on mesure le niveau de signal des canaux de recherche; 

on s6lectionne un canal de recherche ayant le niveau de signal le plus eieve; 

on decode une information diffuses sur ledit canal de recherche, cette information contenant des frequences 
de canaux de recherche dans des faisceaux etroits environnants; 

on mesure le niveau de signal de canaux de recherche dans ces faisceaux etroits environnants; et 
on quantifie les mesures pour determiner une position approximative du radiotelephone mobile. 

17. Procede pour enregistrer un radiotelephone mobile selon la revendication 13, comprenant en outre les etapes 
suivantes : 

on detecte au radiotelephone mobile qu'un canal d'appel provenant du systeme de communication cellulaire 
a une qualite de signal superieure au seuil predetermine; 

on effectue un reenregistrement aupres du systems de communication cellulaire; et 

on 6met un second signal de suppression d'enregistrement vers le systems de communication par satellite, 

a partir du systeme de communication cellulaire, pour supprimer I'enregistrement du radiotelephone mobile. 

18. Procede pour enregistrer un radiotelephone mobile selon la revendication 17, dans lequel le second signal de 
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suppression d'enregistrement est emis vers le systeme de communication par satellite par des lignes terrestres. 

19. Procede pour enregistrer un radiotelephone mobile selon la revendication 13, dans lequel apres que le systeme 
de communication celiulaire a recu le signal de suppression d'enregistrement provenant du radiotelephone mobile, 

s le systeme celiulaire indique le systeme de communication par satellite en ce qui concerne I'emplacement du 

radiotelephone mobile liste dans un registre d'emplacement de rattachement. 

20. Procede pour enregistrer un radiotelephone mobile selon ta revendication 17, dans lequel apres que ie radiotele- 
phone mobile s'est reenregistre aupres du systeme de communication celiulaire, te systeme celiulaire place I'em- 

10 placement du radiotelephone mobile dans un registre d'emplacement de rattachement. 

21. Procede pour enregistrer un radiotelephone mobile selon la revendication 1 3, dans lequel le systeme de commu- 
nication par satellite informs un Registre d'Emplacement de Rattachement de la derniere position connue du ra- 
diotelephone mobile. 

15 

22. Procede pour enregistrer un radiotelephone mobile selon la revendication 13, dans lequel le systeme celiulaire 
intorme un Registre d'Emplacement de Rattachement de la derniere position connue du radiotelephone mobile. 

23. Procede pour enregistrer un radiotelephone mobile selon la revendication 22, dans lequel le systeme celiulaire 
20 determine une Identification de Registre d'Emplacement de Visiteur a partir de ladite derniere position connue du 

radiotelephone mobile et emet ensuite Pldentification de Registre d'Emplacement de Visiteur vers le Registre d'Em- 
placement de Rattachement. 

24. Procede pour enregistrer un radiotelephone mobile selon la revendication 23, dans lequel le systeme celiulaire 
2S determine une Identification de Registre d'Emplacement de Visiteur virtuelle de satellite a partir de I 1 Identification 

de Registre d'Emplacement de Visiteur. 

25. Procede pour assister des radiotelephones mobiles en ecoute sur un systeme de communication par satellite pour 
trouver un canal d'appel celiulaire, dans un systeme de communication a deux modes, de type satellite/cellulaire, 

30 comprenant les Stapes suivantes : 

on diffuse une liste de frequences de canaux d'appel cellulaires pour une zone donnee sur chaque canal de 
recherche de satellite; 

on re co it la liste de frequences de canaux d'appel cellulaires a un radiotelephone mobile; 
35 on mesure le niveau de signal des canaux d'appel cellulaires; 

on determine si le niveau de signal de fun des canaux d'appel cellulaires est superieur a un seuil predetermine, 
au radiotelephone mobile; 

on effectue un enregtstrement aupres du systeme de communication celiulaire lorsque le radiotelephone mo- 
bile determine que I'un des canaux d'appel cellulaires est superieur a un seuil predetermine. 

40 

26. Procede selon la revendication 25, dans lequel le radiotelephone mobile mesure le niveau de signal des canaux 
d'appel cellulaires une fois au cours de chaque periode predetermined. 

27. Procede selon la revendication 25, comprenant en outre I'etape suivante : 

45 on emet un signal de suppression d'enregistrement vers le systeme de communication par satellite a partir 

du systeme de communication celiulaire, pour supprimer I'enregistrement du radiotelephone mobile. 

28. Procede selon la revendication 27, dans lequel le signal de suppression d'enregistrement est emis vers le systeme 
de communication par satellite par des lignes terrestres. 

so 
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